ABSTRACT
Introduction
Chemical syntheses of glycosides usually require selective protection and deprotection of the reactive hydroxyl groups of the carbohydrates. Enzymatic synthesis can provide regioand stereo-selective products without using protecting groups in one step reaction, compared to the chemical synthesis (10) . β-Glycosidases are known to catalyze not only the hydrolysis reactions, but also transglycosylation ones, producing different oligosacchariddes (13) . Some Gal-OS (the enzymatic transgalactosylation products from lactose), were found to be useful bifidus factors and their prebiotic properties were established in several studies revealing that oligosaccharides can reach to the lower digestive tract without being absorbed and can be utilized by intestinal Bifidobacteria as an energy source (4, 9) . Recently, these oligosaccharides have become of interest for human health (e. g. maintenance of the normal intestinal balance, reduction of cholesterol levels, improvement of lactose tolerance, synthesis of B-complex vitamins and etc.).
In the present paper we describe the production of oligosaccharides from lactose and whey permeates by a transglycosylation reaction, using β-glycosidase from Sporotrichum thermophile ATCC 34628 with a high level of transgalactosylation activity.
Materials and methods
The following reagents were used throughout the study:
o/p-nitrophenyl-β-D-glucopyranoside (o/pNPGlc), and bovine serum albumin -BSA (fraction V) were provided from Sigma Chemical Co.; Bio Gel P-2 was from Bio-Rad Lab.; Silica gel 60 -alluminium sheets were purchased from Merck.
Sporotrichum thermophilum ATCC 34628, selected as a thermostable glycosidase-producing strain, was cultivated and mutagenized as described previously (12) . One of the mutant strains has proved to be the best in producing β- glycosidase activities when grown on a medium containing 1% galactomannan as a carbon source. The reactions of transglycosylation were carried out with purified β-glycosidase and toluene-treated cell suspension form Sporotrichum thermophile ATCC 34628. Enzyme activity assay and protein determination β-Galactosidase activity was determined by measuring the rate of hydrolysis of oNPGal. The reaction mixture containing 0.9 ml of 2 mM substrate in 0.1 M sodium phosphate buffer (pH 6.2) and 0.1 ml appropriately diluted enzyme was incubated at 50 oC for 20 min. The reaction was terminated and color developed by the addition of 0.5 ml of 1M Na2CO3 (7) . The amount of o-nitrophenol released was determined by measuring the absorbance at 405 nm. One unit of enzyme activity was defined as the amount of enzyme catalyzing the release of 1μmol o-nitrophenol per min under the assay conditions. The other glycosidase activities were determined in the same manner using a variety of p-or onitrophenylglycosides as substrates. The protein concentration was determined according to Lowry (6) .
Production of galactooligosaccharides
The first type of reaction mixtures contained 10 ml of cell suspension, stirred vigorously for 2 min with 2 drops of toluene and lactose (360 mg/ml) in 50 mM sodium-phosphate buffer (pH 6.0). They were incubated in a total volume of 50ml at 50 oC without shaking. Second type reaction mixtures (20 ml total volume) comprising different concentrations of lactose (from 5% to 30%), 50 mM sodium phosphate buffer (pH 6.0) and intracellular purified β-glycosidase (500 IU -2100 IU) or toluene-treated cell suspensions were incubated at 50 oC. The aliquots were withdrawn at different time intervals during the period of 72h, after that the reaction was stopped by boiling for 5 min and the amount of Gal-OS formed was determined by HPLC. Third type reaction mixtures were performed with whey permeate as lactose substrate (10%) and toluene-treated cell suspension from Sporotrichum thermophile ATCC 34626. The hydrolysis of lactose was determined by measuring of the glucose content using the glucose oxydase-peroxidase method (2) . The total sugars were analyzed by phenolsulfuric acid method (1) . Reducing sugars were determined by DNS method of Miller (8) . TLC analysis TLC analysis was performed on Silica gel 60 (alluminium sheets 25x25 cm) using a mobile phase -n-propanol : water : acetic acid (7:2:1,v/v/v).
HPLC analysis
The amount of Gal-OS formed was determined by HPLC (Waters-Millipore). Sugar analyses were performed using a μBondapak column (3.9x300cm) with acetonitrile : water (80:20, v/v) as a mobile phase at a flow rate of 1 ml/min. The eluent was detected by Differential Refractometer R 401 (Millipore-USA).
Molecular-sieve chromatography
For the separation and purification of Gal-OS, a 5 ml reaction sample containing 600 mg of total sugars was applied on to a Bio Gel P-2 column (1.6 x 100 cm) and eluted with distilled water at a flow rate of 16 ml/h. Fractions (3 ml) were collected, analyzed for total sugars by phenolsulfuric acid method and HPLC, and concentrated by vacuum evaporation.
Results and Discussion
The intracellular β-glycosidase from Sporotrichum thermophile ATCC 34628 as well as the toluene-treated cell suspension producing high levels of glycosidase activities (β-galactosidase, β-glucosidase and β-xylosidase) were used for the production of oligosaccharides via transglycosilation reactions. The specific activity of the purified β-galactosidase was determined to be 1140.7 IU/mg protein.
In order to optimize the conditions of the transglycosylation reaction, some parameters were studied. The effects of the temperature and pH on the process were investigated and the optimal values were found to be 50 ˚C and pH 5.5-6.0 for the hydrolysis and 50 o C and pH 6.2 for the transglycosylation, respectively. Different optimal pH values for the hydrolysis and transglycosylation reactions were observed in the case of E.coli β-galactosidase (3) and acid β-galactosidase from Achatina achatina (5). In our case, a pH optimum for the transglycosilation reaction provides the possibility to control the reaction equilibrium. Time-course of Gal-OS production during the enzymatic hydrolysis of lactose (200 mg/ml) by the purified intracellular β-glycosidase at pH 6.2. and 50 o C is shown in Fig 1. The hydrolysis of lactose predominated during the initial 4h of incubation after that, lactose slowly converted to glucose, galactose and Gal-OS (mainly trisaccharides), which concentration reached maximum (5.88%) after 22h of incubation. The amount of glucose increased as the reaction proceeded compared to the amount of galactose, demonstrating the transgalactosylation activity of intracellular β-glycosidase. On the other side, the amount of Gal-OS produced in the incubation mixture reached its maximal value at 22h of incubation, when 75.6 mg/ml lactose In order to test the influence of substrate concentration on the production of oligosaccharides, solutions with different concentrations of lactose (from 5 to 35%) in sodium phosphate buffer (pH 6.2) were prepared. The lactose solutions were incubated at 50 o C with intracellular β-galactosidase (880 IU) from Sporotrichum thermophile. The distribution of Gal-OS products after 20h of incubation, revealed 1.82%, 3.15% and 5.75% when 15%, 20% an 30% of lactose in the reaction mixture were used, respectively (Fig. 2) . The TLC analyses of the products indicated that the 25% and 30% of lactose were optimal for the producing of Gal-OS and increasing the lactose concentration above 35% did not affect their production. Usually transglycosylation reactions proceed more efficiently at high substrate concentrations, but in the case of lactose this is a problem because of its low solubility.
Production of Gal-OS by toluene-treated cell suspension of Sporotrichum thermophile was investigated and HPLC analyses of the products (Fig.3) indicated that an increasing in trisaccharide content from 4% after 2h of incubation up to When whey permeate (10%, w/v) was used as a substrate in the reaction mixture, the toluene-treated cell suspensions from Sporotrichum thermophile ATCC 34628 produced trisaccharides that might be determined as glucosyllactose.
The results from TLC analyses (Fig.4) suggested a transfer of glucose to lactose, because no glucose was detected as a product of lactose hydrolysis at 22h of incubation. On the contrary, using β-glycosidase from Aspergillus oryzae in the same reaction mixture, the trisacchatides produced were determined as galactosyllactose, due to the lack of galactose at 22 h of incubation as a product of lactose hydrolysis (5). The obtained trisaccharides were separated from the accompanying mono-and disaccharides, and purified by molecular-sieve chromatography on Bio Gel P-2 column, equilibrated and eluted with distilled water at a flow rate of 16 ml/h.
Our results demonstrate that β-glycosidase from Sporotrichum thermophile ATCC 34628 produces Gal-OS via a transgalactosylation reaction during the lactose hydrolysis. In order to evaluate the possibility for the potential application of this enzyme, the structure and bioavailability of the oligosaccahrides will be investigated.
The obtained pure trisaccharides were tested as growth factors for the intestinal Bifidobacteria and promising results were obtained.
